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(54) DIGITAL POWER AMPLIFIER 
(57)Abstract: 

PROBLEM TO BE SOLVED: To decrease signal distortion components 
generated in the output signal of a digital power amplifier. 

SOLUTION: By connecting load means 5, 6 and 7, among a PWM means 2 for 
converting a digital signal S6 to two one-side PWM signals S7 and S8, as 
relation of complement of '2\ the output side of a first power switching means 3 
for applying switching control by one of these one-side PWM signals and the 
output side of a second power switching means 4 for applying switching control 
by the other one-side PWM signal, the signal distortion component of a power 
signal outputted to this load means is decreased sufficiently. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An PWM means to be the digital power amplification which was made 
to carry out switching control of the power amplification stage, and to change an 
input signal into two singie-sided PWM signals which have the relation of a two's 
complement, The 1st power-switching means by which switching control is 
carried out with one PWM signal of said two single-sided PWM signals, It has the 
2nd power-switching means by which switching control is carried out with the 
PWM signal of another side of said two single-sided PWM signals. Between the 
output side of said 1st power-switching means, and the output side of said 2nd 
power-switching means Digital power amplification characterized by supplying 
an output signal to the connected load means. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 



[Field of the Invention] This invention relates to the digital power amplification 
which applied when the switching control of the power amplification stage was 
made to be carried out, and consisted of suitable class D amplifiers. 
[0002] 

[Description of the Prior Art] The signal amplifier generally conventionally called 
a class D amplifier (class D amplification) is especially known as one gestalt of 
the signal amplifier of an audio frequency (audio frequency) band signal. As a 
typical example of this class D amplifier, as shown in drawing 2 A 
Pulse-Density-Modulation amplifier () [ pulse width ] Change of the signal level of 
the digital signal S1 of an audible frequency range inputted into the signal input 
edge 1 by modulation amplified is changed into the PWM (pulse width 
modulation) signal S2 expressed with change of the pulse width direction. This 
signal S2 and this signal S2, and the wave-like PWM signal S3 which has a 
negative relation are generated by this Pulse-Density-Modulation amplifier 2. 
[0003] And the drain side of this 

power-metal-oxide-semiconductor-field-effect-transistor component 4 that 
connected between the source of N channel 
power-metal-oxide-semiconductor-field-effect-transistor component 4 and the 
drains of N channel power-metal-oxide-semiconductor-field-effect-transistor 



component 5, and was connected to the serial is connected to a power source 
Vcc. Ground the source side of this 

power-metal-oxide-semiconductor-field-effect-transistor component 5, and the 
power switching circuit section 3 is constituted. Supply and switch this PWM 
signal S2 to the gate of this 

power-metai-oxide-semiconductor-field-effect-transistor component 4, and this 
PWM signal S3 is supplied and switched to the gate of this 
power-metal-oxide-semiconductor-field-effect-transistor component 5. From this 
node between the source of the 

power-metal-oxide-semiconductor-field-effect-transistor component 4, and the 
drain of the power-metal-oxide-semiconductor-field-effect-transistor component 
5 Power switching signal S4 of an PWM wave switched and generated 
according to change of the pulse width direction of this PWM signal S2 and the 
PWM signal S3 is outputted from the power switching circuit section 3. 
[0004] And the audible frequency range analog power signal S5 corresponding 
to a digital signal S1 recovers this power switching signal S4 from this power 
switching signal S4 through the low-pass mold frequency filter section 6 which 
consisted of a choke coil 7 and a capacitor 8 further, this analog power signal S5 
to which it restored is supplied to a loudspeaker 9, and this audible frequency 



range analog power signal S5 is reproduced. 

[0005] Moreover, there is a both-sides PWM modulated wave form shown in the 
single-sided PWM modulated wave form shown in drawing 2 B and drawing 2 C 
as a thing typical as this PWM modulated wave form of this power switching 
signal S4. 

[0006] The wave which the wave shown in drawing 2 B by 1B expressed the 
single-sided PWM wave of PWM signal S4 when this digital power amplification 
is operated by the muting condition, and was shown by 2B The wave shown in 
3B by showing the change of an one side PWM wave of PWM signal S4 when 
changing in the direction which the signal level of a digital signal S1 increases 
from 0 to a plus direction The change of an one side PWM wave of PWM signal 
S4 when changing in the direction in which the signal level of this signal S1 
decreases in the minus direction from 0 is shown. 

[0007] The wave which the wave shown in drawing 2 C by 1C expressed the 
both-sides PWM wave of PWM signal S4 when this digital power amplification is 
operated by the muting condition, and was shown by 2C The wave shown by 3C 
by showing the change of a both-sides PWM wave of PWM signal S4 when 
changing in the direction which the signal level of this signal S1 increases from 0 
to a plus direction The change of a both-sides PWM wave of PWM signal S4 



when changing in the direction in which the signal level of this signal S1 
decreases in the minus direction from 0 is shown. 

[0008] In addition, in drawing 2 B and 2C, arrow-head -> shows the direction of 
these change, Notation t shows each wave-like repeat period of PWM signal S4, 
and this repeat period t is always fixed [ Notation ]. 
[0009] 

[Problem(s) to be Solved by the Invention] However, the wave of PWM signal S4 
shown in this drawing 2 B In order to change asymmetrically with change of the 
signal level of a digital signal S1, that the time amount center-of-gravity location 
(wave center position of the section which has started) of the signal wave form of 
PWM signal S4 changes with change of such a signal wave form by the cause 
The technical problem that there were many distortion components contained in 
the audible frequency range analog power signal S5 recovered from power 
switching signal S4 of a low-pass mold frequency filter section 6 odor lever 
occurred. 

[0010] Moreover, since the wave of PWM signal S4 shown in this drawing 2 C 
changes to both sides with change of the signal level of a digital signal S1, the 
problem from which the time amount center-of-gravity location of this signal 
wave form changes is solved, since [ however, ] the wave-like variability region 



shown in drawing 2 C will become half as compared with it of drawing 2 B so that 
clearly if the wave shown in drawing 2 B is compared with the wave shown in 
drawing 2 C - pulse width - in resolution's becoming half, the technical problem 
that this distortion component could not be pressed down theoretically or 
thoroughly occurred. 

[0011] Furthermore, when this PWM signal S4 is generated as a single-sided 
PWM wave shown in drawing 2 B, it is set again to each at the time of generating 
as a both-sides PWM wave shown in drawing 2 C. When the switching element 
of the power switching circuit section 3 is especially constituted from a 
power-metal-oxide-semiconductor-field-effect-transistor component, That a 
difference is in the build up time by the side of the positive edge of a switching 
waveform (rise time) and the fall time by the side of a negative edge (fall time) on 
the switching characteristic of this 

power-metal-oxide-semiconductor-field-effect-transistor component by the 
cause The technical problem that signal distortion was produced was in this 
audible frequency range analog power signal S5. 

[0012] This invention is made in view of this conventional technical problem, and 
aims at solving the above-mentioned technical problem using two single-sided 
PWM signals which have the relation of a two's complement (2*s complement) in 



the digital signal of an audible frequency range at each other. 
[0013] 

[Means for Solving the Problem] in order to solve a technical problem which was 
mentioned above and to attain the above-mentioned object. The digital power 
amplification of this invention according to claim 1 An PWM means to be the 
digital power amplification which was made to carry out switching control of the 
power amplification stage, and to change an input signal into two single-sided 
PWM signals which have the relation of a two's complement, The 1st 
power-switching means by which switching control is carried out with one PWM 
signal of these two single-sided PWM signals, With the 2nd power-switching 
means by which switching control is carried out with the PWM signal of another 
side of these two single-sided PWM signals It is characterized by supplying an 
output signal to the load means connected between the output side of the 
power-switching means of these 1st, and the output side of said 2nd 
power-switching means. 

[0014] By having constituted as mentioned above, the signal distortion 
component of the power signal of the audible frequency range outputted to this 
load means can fully be decreased with the digital power amplification of this 
invention according to claim 1. k 



[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained with reference to a drawing. Drawing 1 applies this invention to the 
class D amplifier in which an example of this invention operation is shown and 
one example of digital power amplification is shown. 

[0016] First, an example of this D class power amplifier is explained. Drawing 1 
is the block diagram having shown the important section of D class power 
amplifier, and this D class power amplifier 1 is constituted by the loudspeaker 
section 7 which are the Pulse-Density-Modulation amplifier (pulse width 
modulation amplifier) 2, the 1st power switching circuit section 3, the 2nd power 
switching circuit section 4, the 1st power LPF section 5, the 2nd power LPF 
section 6, and a sound reproduction means. Moreover, 1A is a signal input 
terminal. 

[0017] The digital signal (digital audio signal) S6 of an audible frequency range 
inputted into signal input terminal 1A It is inputted into the 
Pulse-Density-Modulation amplifier 1. This Pulse-Density-Modulation amplifier 1 
is minded. So that it may become the 1st PWM (pulse width modulation) signal 
S7 modulated according to the signal level of this digital signal S6, and the 
relation between this signal S7 and a two's complement (2's complement) The 



2nd PWM signal S8 modulated according to the signal level of this digital signal 
S6 is generated, this 1st PWM signal S7 is inputted into the 1st power switching 
circuit section 3, and this 2nd PWM signal S8 is inputted into the 2nd power 
switching circuit section 4. 

[0018] 1st PWM power signal S9 generated through this 1st power switching 
circuit section 3 where this 1st power switching circuit section 3 is switched 
according to the 1st PWM signal S7 It is inputted into the 1st power LPF section 
5 which has the frequency characteristics which remove the carrier signal 
component of this 1st PWM power signal S9. The 2nd PWM power signal S10 
generated through this 2nd power switching circuit section 4 where this 2nd 
power switching circuit section 4 is switched according to the 2nd PWM signal 
S8 It is inputted into the 2nd power LPF section 6 which has the frequency 
characteristics which remove the carrier signal component of this 2nd PWM 
power signal S10. 

[0019] And separation generation of the power signal S11 of the 1st audible 
frequency range is carried out from 1st PWM power signal S9 through this 1st 
power LPF section 5, separation generation of the power signal S12 of the 2nd 
audible frequency range is carried out from the 2nd PWM power signal S10 
through this 2nd power LPF section 6, the loudspeaker section 7 drives in 



differential with these power signals S1 1 and S12, and sound is reproduced. 
[0020] Next, between the 1st power switching circuit section 3 and the 2nd 
output of power switching circuit section 4 each which were shown in drawing 1 
A In the BTL (balanced transformer less) connection circuit which the load which 
included the loudspeaker section 7 in the 1st power LPF section 5 and the 2nd 
power LPF section 6 list which were connected to the serial was connected, and 
was constituted Each timing chart of 1st PWM power signal S9 given to this load 
and the 2nd PWM power signal S10 is shown and explained to drawing 1 B, and 
1C and 1D. In addition, in drawing 1 B, and 1B and 1C, an arrow head shows the 
direction of change of each [ these ] signal wave form, Notation t shows each 
repeat period of each signal wave form, and this repeat period t is always fixed 
[ Notation ]. 

[0021] these signals S9 in case D class power amplifier 1 is in a muting (muting) 
condition when the zero state is maintained for the signal level of the digital 
signal S6 with which drawing 1 B was inputted into signal input terminal 1A 
namely, and S10 — each signal wave form is shown, in this case, these signals 
S9 and the difference of S10 are always set to 0, and 
electrical-potential-difference S9-S10 given to this load turn into 0. 
[0022] When drawing 1 C expresses the maximum amplitude level of this digital 



signal S6 with **1, Since a timing chart in case the signal level of this digital 
signal S6 changes in the direction of +0.8 grade + as an example is shown, for 
example, single-sided PWM wave signal S9 expresses +0.8 and the 
single-sided PWM wave signal S10 expresses -0.8 The time amount width of 
face of the pulse signal of the difference of these one side PWM wave signal S9 
in this case and the single-sided PWM wave signal S10 serves as a both-sides 
PWM modulated wave form of the direction of + where the pulse width of 
right-and-left both sides is symmetrical to the time amount core of this pulse 
signal so that clearly from drawing 1 C. 

[0023] When drawing 1 D expresses the maximum amplitude level of this digital 
signal S6 with **1, Since a timing chart in case the signal level of this digital 
signal S6 changes in the direction of -0.6 grade - as an example is shown, for 
example, single-sided PWM wave signal S9 expresses -0.6 and the single-sided 
PWM wave signal S10 expresses +0.6 The time amount width of face of the 
pulse signal of the difference of these one side PWM wave signal S9 in this case 
and the single-sided PWM wave signal S10 serves as a both-sides PWM 
modulated wave form of the direction of - where the pulse width of right-and-left 
both sides is symmetrical to the time amount core of this pulse signal so that 
clearly from drawing 1 D. 



[0024] That is, according to this example, even if the amplitude level of this 
digital signal S6 changes in which direction of the direction of +, or the direction 
of -, the wave of a signal (S9-S10) has the advantage that secondary distortion 
which is time-axis top bilateral symmetry, and originates in an PWM modulation 
since the direction of + and the direction of - make a wave symmetrical with the 
bottom of eiectricai-potential-difference shaft very best does not occur. 
[0025] Moreover, in this example, the time amount width of face of the pulse 
signal of these signals S9 and the difference of S10 is determined only on the 
basis of each negative going edge of 1st PWM power signal S9. Therefore, 
when the switching element of the power switching circuit section 3 is especially 
constituted from a power-metal-oxide-semiconductor-field-effect-transistor 
component, there is an advantage to which that a difference is in the build up 
time by the side of the positive edge of a switching waveform (rise time) and the 
fall time by the side of a negative edge (fall time) can solve the technical problem 
that signal distortion is produced to this audible frequency range analog power 
signal S5 owing to on the switching characteristic of this 
power-metal-oxide-semiconductor-field-effect-transistor component. In addition, 
in this example, it explained as an example which applied this D class power 
amplifier 1 to the power amplifier of the signal of an audible frequency range. 



However, this example can be applied to control of the power amplifier used for 
the various object, such as applying to the power amplifier for actuation control 
of a motor, without being limited to this. 
[0026] 

[Effect of the Invention] As explained above, according to the digital power 
amplification which was made to carry out switching control of the power 
amplification stage of this invention according to claim 1 An PWM means to 
change an input signal into two single-sided PWM signals which have the 
relation of a two's complement, The output side of the 1st power-switching 
means by which switching control is carried out with one PWM signal of these 
one side PWM signal, By having connected the load means between the output 
sides of the 2nd power-switching means by which switching control is carried out 
with the PWM signal of another side of these one side PWM signal, the signal 
distortion component of the power signal of the audible frequency range 
outputted to this load means can fully be decreased. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a diagram explaining actuation of the block diagram having 
shown an example of the class D amplifier in connection with the digital power 
amplification of this invention, and this class D amplifier. 

[Drawing 2] It is a diagram explaining actuation of the block diagram having 
shown an exampie of the conventional class D amplifier, and this class D 
amplifier. 

[Description of Notations] 

2 [ ... The 1st power LPF section, 6 / ... The 2nd power LPF section, 7 / ... The 
loudspeaker section, S6 which are a sound reproduction means / ... A digital 
signal, S7 / ... The 1st PWM (pulsewidth modulation) signal, S8 / ... 2nd PWM 

signal ] Pulse-Density-Modulation amplifier (pulse width modulation 

amplifier), 3 ... The 1st power switching circuit section, 4 ... The 2nd power 
switching circuit section, 5 
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[0 0 15] 

[0016] $t\ c©D«*£*68§©HWfco^T" 

(pulse width modulation amplifier) 2, %\<K%~h 40 
4, Sfll©tt;/3LP FSB5, 8J2©*£LPFaJ6Ri; 

[0017] «*a**?i AfcA*«nfeRrea«» 

^tWDfJZA'fm (digital audio signal) S6*\ 

CT^IB^nfc^ lOPWM (pulse width modulatio 

n) S 7 Rtf c ©<I^ S 7 2 <DW& (2' s complem 50 
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ent) ©|!B«fcft3<fc$fcC©'rS>*;Wi#S6©fI# 
l^/bfcjSUT«WSnfc82«DPWM€*S 8*^5 
C©£l©PWMte^S7tf£l©*2jXi'v*- 
y^@S§a53{cA^*n> C©E2©PWM#*IS8tf 
SB 2 ©m£X^ -y^y ^IslSSgM K:A**n*. 
[0 0 18] C©SlO*tl^yf->^lH|gSa53^ 
^l©PWMm-^S 7\zfcVX7.Jy?y7Ztltd<m 
X£<Dm\<DmJj^y?-y'!?®&%>3ZftLX3ifc2 

ntcmi<DP\NMmt>ims9t>\ <i©^icdpwm* 
*ki s 9 ©** u ww#*ira**jHS«tttt* 
mtz>mi<DW.jjL p Fgi55icA^^n^ c©^2©« 

^a-i' -y ^>yeiSSgi3 4 *V £ 2 © P WMm# S 8 fCfS 

u t x-r -y ^ ^ titzimx c ©m 2 ©*£x -r -y ^ 
y^sisas4«rur^i*nfcS2©PWM*^^ 

S 1 Otf. C©^2©PWM«^J#^S 1 OC^-V'J-V 

m^im^£tzmmmm:m-?z$i 2 ©«^j l p 

F^6tAy3«n«o 

[0 0 19] *l/Tt©SBl©**LPF»5fc*rt/t 

% 1 © p wm**j{i# s 9 &$ 1 ©Br«jgaa»m«© 
s 1 1 n, c ©n 2 L P F 

gP6^LT^2©PWM«*M#S 1 0fr£>^2©BJ 

eH8S«if«©*#fi^s 1 2##]&t£fiKsn, cne. 

*y}{I^S 1 1 ^ S 1 2lc£*)X¥-ti&7t>mW)mc 

mmznxmwtimzL-znzo 

[0 0 2 0] 55?fcHl Afc^Lfc, ©«£X-f-y?- 

y^iHiKgP3, ^2©«^x>r-y^yy[HiffiaP4^4r© 

ffiyl©raic, E3»Jk:»««nfcS 1 ©«^L P FS155S: 

xsm 2 ©*^ l p f u 6 moicx e-*a$ 7 

^gM^nrgBE^nfcB T L (balanced transform 
er less ) mWBfflc.*^X, C<DnM\c^^nZ>% 
1 (D P WM*7^^ S 9 RXSW, 2 © P WMm^fl# S 1 
O©A^©^-r^vy5 L -v-h^r01 B, lC&tHD 
fc^LTIKWrSo S:fc01 B, 1 BRO'l C\c3$^ 

x, %mzcnb&fsWim<omt<Dy3fatt*L, ta# 

[0 0 2 1 ] 0 1 B(i#^A*«? 1 A\cXl3ZtltcT 

vziitms 6 «{f^b^A^p©«M^ii^?nr 

iP^D^a*lilaS§1^5i— f-f^y* (mu 
ting) «^©^t©iin6m-^S 9Rt>*S 1 0A^r©# 
^Jg*^t> c©«^tettcti6^€S9i:S l 0© 

1 OfeOlc^So 

[0 0 2 2] Hi Cttc©r^;Hi-^S6©«*fi(i 
^;I/^±lfgbfc^f, ^©x^^^M^S 6©M 
^b^;W-^I^LT+0. 8^+*ieifclE<tr**& 
©^-<^y^^-h^L> 0ijx.{fs ^ilPWMSJg 
fl§S9tf+0. 8^g^b, M-WPWMiS^fll^S 1 
0^-0. 8*%t>t<DX\ Hi C^5W&^*ftI<> 
C©«^©Ctl6itl!IPWMSE«ffi#S 9 fcitiJPWM 
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+xfa(Dmm p wum.mw& t&% a 

[0 0 2 3] 01 DttCOf^fWI^S 6®«*fiS 
ft*S9#-0. 6*&fcU Jt«PWM«J&ffi#S 1 

otf+o. 6*st>f©^ hi D*»6WB**a*n<» 

CO«*Ocn6fr«|PWMJS0gfll*S9i:>TllPWM 10 
WBflNIS l 0©M©/WX##©i«SniNRk t©/W 

[0 0 2 4] t^WiKDiiaWl CO??* Afa 

fcmtLT^m 1 ^ (s9-s i o) <my&&mm±M 

3«{c&37c#k PWM^MtejgBf 3 2#M##Si 

[0 0 2 5] SftCCWfcfe^Ttt, CftSfPtS 9£ 20 
S 1 0O2^/W;MB£4)ttNM& iKDPWMttl 
S 9 ©^©JiTt) x-y 5>©#*»plc LTifc££ 

^7fy^i?^7-M0 S F E TSt^T'S/jStLftii 
£fc* C©^7-M0S F E im^(DX^ v3-y?n& 
±, X-f y^yifW&DXV?''* 7x-y s;«oif6±*« 
O^pBI (rise time ) t^Xr* 7x -y ^®1©;&T 0 B# 
(fall time ) fc«ifo6SCfcflWH - tt. CORTI8J1 
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3^6*W{4cnk:iS3esns«ii:a<, ^e-^ora&w 

[0 0 2 6] 

$>*;WS7-7>:ftc«fc*U£, A7Jft^£2©*ii&©IH 
ftlc&3 20©>tMPWMm^cEgl'r5PWM^ 

cne.>T-«iPWMm^©-^©PWM{i#fcit)x 
•r v ?>7pmztizf& i ©**x^ <y^y^#s©ffi 

TlMt, cn &JtfHPWM*I^©fl!!#©PWMfI4§K:«fc 
0X-r-y^y^»?n5^2©*^Xi'-y5 L >^m 
©ffl*«<!)BlteftW¥a*S»!Lftci:fcJ:5, c©m 

at tin* & nrisssfiswff «© w-m^^vm 

[01] ^WOrS^WW-Ty^tefrfrfcSDR 

[0 2] fl6R©D««S«©-0!l*^bfe^a'y*HR 

2 /VVXi^iSJitegg (pulse width modulation 

amplifier) . 3- %&lMij]7>'(y5-y#&& 

®, 4 ^2©fj]X^'^y»^ 5 

gSl©«ftLPFak 6 H2©*£LPFg15, 7 

^«?£¥a-efcsxe-*ak S6 m 

£;Wt^§\ S7 ^1©PWM (pulsewidth modul 

at ion) im. S 8 2 © P WM## 
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(72mW% Mm %m F 5J09O M02 AA24 AA26 AA41 AA66 

JlCjRiMn/IIE:ltn c n/l|6Tg7#35^ CA21 FA19 CN01 HA10 HA29 

-SS^tfl HA33 HA38 KA42 KA53 KA62 

SA05 TA01 TA06 
5J091 AA02 AA24 AA26 AA41 AA66 
CA21 FA19 HA10 HA29 HA33 
HA38 KA42 KA53 KA62 SA05 
TA01 TA06 UW01 UW08 UI10 



